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NASA TT F-11,895 

EQUIPMENT OF THE AUTOMATIC STATION "LUNA-10'' FOR THE 
INVESTIGATION OF THE 7-RADIATION OF LUNAR ROCK 

B. G. Yegiazarov, B. N. Kononov et al. 

ABSTRACT. The scintillation ?-spectrometer installed 
aboard the automatic station "Luna-10" is described. In 
order to exclude the background of charged particles in 
the spectrometer sensors, a stratified phosphor, the 
crystal !!'a t(T1) 38 mm long by 28 mm in diameter was used 
in a container made of scintillating plastic. The ampli- 
tude analyzer-spectrometer has 32 capacitance channels of 
4096 impulses each. 
is less than 600 Ccsec. The nonlinearity of the scale is not 1 

more than 1%; the nonregularity of the width of the 
channels does not exceed 2%. 
spectrometer is from 0.3 to 3 Mev or from 0.15 to 
1.5 MeV. The weight of the spectrometer is 4.5 kg; power 
req~ired~2.5 w. 
brating the instrument is given. 

The mean dead time o f  the analyzer 

The energy band of the 

The procedure of graduating and cali- 

Introduction 

The main purpose of installation of the 7-spectrometer on the "Luna-10" 
automatic station was determination of the type of lunar rock and estimation of 
chemical composition of the rock on the basis of 
7-radiation. 

the characteristic 

As we know, the 7-radiation of lunar rock results from two processes: decay 
of natural radioactive elements contained in the rock, and nuclear reactions 
arising upon interaction of cosmic rays with the lunar material. 
metry of both forms of 7-radiation allows us in principle to determine the 
composition of the rock [l]. 

The spectro- 

Determination of the chemical composition of lunar material can be 
performed using many of the methods used under laboratory conditions. 

also one of the €e% kuhable for performance of investigations from lunar 
orbit. 
only on the nature of lunar rocks, but on the radiation environment on the moon. 

However, 
, ?-spectrometry is qqgmently not only the most reliable and simplest method, but 

Also, these investigations make it possible to produce information not 

The absence of any atmosphere on the moon makes it possible to perform 
measurement of 7-radiation at considerable distance from the lunar surface. 

Numbers in the margin indicate pagination in the foreign text. 
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The i n t e n s i t y  of 7- rad ia t ion  depends only on the  s o l i d  angle of  v i s i b i l i t y  o f  
t h e  moon from t h e  device. The "Luna-lO1' c i r c l ed  t h e  moon on an e l l i p t i c a l  ~ 

o r b i t ,  the  d is tance  from t h e  lunar  surface varying from 350 t o  1000 km. The 
i n t e n s i t y  of 7- rad ia t ion  recorded by the  spectrometer on t h e  o r b i t  of t h e  
s a t e l l i t e  a l so  var ied ,  amounting t o  between 45 and 23% of t h e  i n t e n s i t y  of 
r ad ia t ion  a t  the  surface of t h e  moon. 

. i  In measuring t h e  ? - rad ia t ion  of t h e  moon using a s c i n t i l l a t i o n  counter,  one 
must take i n t o  considerat ion t h e  existence of background r ad ia t ion  from charged 
p a r t i c l e s  i n  space. 
protons) f luc tua te s  over broad l i m i t s  depending on s o l a r  a c t i v i t y .  During s o l a r  
f l a r e s ,  t h e  f l u x  may reach 1000 protons/cm2*sec. 
g a l a c t i c  o r i g i n  near  t h e  lunar  surface,  according t o  t h e  d a t a  of "Luna-9", was 
about 5 part ic les /cm2*sec.  
t o  many bev. 
(Foswich) 7 - r ad ia t ion  de tec tor ,  which excludes the  background from charged 
p a r t i c l e s .  

We know t h a t  t h e  f lux of charged p a r t i c l e s  (pr imari ly  

The f l u x  of p a r t i c l e s  of 

The energy spectrum of these  p a r t i c l e s  extends up 1266 - This f a c t o r  made it necessary t o  use a laminated phosphor 

Measurement of 7 - r ad ia t ion  from lunar o r b i t  allowed large regions of t h e  
surface of t h e  v i s i b l e  and dark s ide  of the moon t o  be inves t iga ted .  During i ts  
ac t ive  exis tence as a lunar  o r b i t a l  s t a t i o n  (about two months), t h e  t o t a l  volume 
of information produced by the  7-spectrometer amounted t o  about 10,000 b i t s .  
The preliminary r e s u l t s  of  inves t iga t ion  of lunar  7 - r ad ia t ion  produced using 
t h i s  spectrometer were published i n  works [2 ,  31,  while a more d e t a i l e d  repor t  
i s  contained i n  [4] .  

The device which was 
developed, shown i n  t h e  
photograph on Figure 1, 
cons i s t s  of  a s c i n t i l l a t i o n  
counter and a multi-channel 
amplitude analyzer .  

The analyzer is made i n  
t h e  form of a t o r o i d  with an 
ou te r  diameter of  372 mm, a 
height  of 68 mm, contained i n  
t h e  sealed po r t ion  of  t h e  
s t a t i o n .  For communication 

analyzer has two cables 
ending i n  plugs.  The trans- 

ducer i s  cy l ind r i ca l  i n  form, 55 mm i n  diameter by 180 mm length.  In t h e  form 
shown on Figure 1, it i s  designed f o r  i n s t a l l a t i o n  i n  t h e  sealed por t ion  of t h e  
s t a t i o n ;  however, t h e r e  i s  another construction va r i an t  designed f o r  placement 
outs ide  t h e  sealed por t ion  of t he  s t a t i o n .  The weight of t he  analyzer  is  

Figure 1 .  View of "-spectrometer with on-board systems, t h e  

3.9 kg, t h e  weight bf t h e  t ransducer  
spectrometer does not exceed 2 . 5  w. 

i s  0.6 kg, and-the power consumed by t h e  

2 



We present  below a desc r ip t ion  of  the p r i n c i p l e  of operat ion of t h e  
The analyzer  is spectrometer u n i t s  and t h e i r  p r inc ipa l  c h a r a c t e r i s t i c s .  

analyzed i n  more d e t a i l  i n  [SI. 

S c i n t i l l a t i o n  Transducer 

, Y  Figure 2 shows the  s c i n t i l l a t i o n  transducer i n  c ros s  sec t ion .  AsAW9s noted 
above, t h e  de- cons is ted  of complex phosphor9 , cons i s t ing  of  an fiaI(T1) 
monocrystal 2 8 , m  i n  diameter and 38 mm long, packed i n  a container  cons i s t ing  
of  p l a s t i c  -1lator I. I n  se l ec t ing  t h e  thickness  o f  t he  p l a s t i c  s c i n t i l -  
l a t o r ,  ca l cu la t ions  of t h e  energy losses  of  protons a t  var ious  energy l eve l s  i n  
t h e  p l a s t i c  were performed. 
th ickness  o f  3 mm would assure  s u f f i c i e n t l y  r e l i a b l e  sh i e ld ing  over a broad 
range of proton energies .  
p a r t i c l e s  was achieved by using an e l ec t ron ic  c i r c u i t  which u t i l i z e d  t h e  
d i f f e rence  i n  luminescence t i m e  of t h e W ( T I )  monocrystal ( T = 0.25 psec) and 
t h e  p l a s t i c  s c i n t i l l a t o r  (7 = 0.005 psec) .  

- 

I t  was determined t h a t  a p l a s t i c  s c i n t i l l a t o r  

Elimination of t h e  background r e s u l t i n g  from charged /= 

The most e f f e c t i v e  means of preventing clouding of t h e  hygroscopic h I ( T  I) 
c r y s t a l  was found t o  b e  i n s t a l l a t i o n  of a t h i n  g l a s s  conta iner  IO between t h e  
p l a s t i c  conta iner  and t h e  NaI (Tl) monocrystal. 
t h e  monocrystal. 
phosphor was assured by usage of vasel ine o i l  o r  s i l i c o n e  glue.  A spec ia l  
r e f l e c t i n g  enamel was used t o  coat t he  p l a s t i c  su r face  of t h e  s c i n t i l l a t o r  
everywhere except on the  s i d e  toward t h e  photomult ipl ier .  Opt ica l  contact  
between t h e  laminated phosphor and the  type FEU-16 photomul t ip l ie r  4 was 
assured by using viscous s i l i c o n e  glue.  To increase  the  mechanical s t r eng th ,  a 
t i g h t  rubber  c o l l a r  2 was placed around the  assembled system (laminated 
phosphor and photomul t ip l ie r ) .  
in f luence  of weak magnetic f i e l d s  by permalloy screen  3. 
supply power t o  dynodes 8 was mounted on a panel fas tened  t o  the  base of t h e  
photomul t ip l ie r .  After assembly o f  t h e  system was completed, it was f i l l e d  with 
polyurethane foam and placed i n  t h i n  aluminum s h e l l  5 f o r  increased mechanical 
s t r eng th .  The resolving capac i t  of  t h e  t ransducer ,  determined from the  
ene rge t i c  r a d i a t i o n  l i n e  of C s  32; with the laminated phosphor described above 
was no worse than  14%. 

This assured hermetic s ea l ing  of 
Optical  contact  between t h e  component parts of the  laminar 

The photomult ipl ier  was pro tec ted  from the  
The d iv ide r  used t o  

Mu1 t i-channel Amp1 i t u d e  Analyzer 

As was stated above, t h e  energy spectrum.of the l u n a r  surface 7 - rad ia t ion  
is  determined by na tu ra l  and induced a c t i v i t y .  
t h e  content  of na tu ra l  and cosmogenic 7 - r ad ia to r s  r equ i r e s  measurement of t h e  
d i f f e r e n t i a l  spectrum over a broad energy range. 
amplitude analyzer ,  which quant izes  pulse amplitudes i n t o  32 groups (channels) 
of  var ious widths,  s o r t s  pu lses  among the channels and adds t h e  number of pu lses  
i n  each channel. 

A q u a n t i t a t i v e  determination of 

This t a s k  i s  performed by t h e  
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The amplitude analyzer cons i s t s  e s s e n t i a l l y  o f  a s p e c i a l  purpose d i g i t a l  /268 The analyzer cons i s t s  - computer fed by t h e  transducer and working i n  real  time. 

t h e  analyzer i s  shown on Figure 3 .  
I of  t h e  input,  memory, ar i thmetic  and output devices.  A funct ional  diagram o f  

The analyzer uses a dynamic memory device consis t ing of  a metal u l t r a s o n i c  

. I  , and v i c e  versa .  Information i s  entered i n t o  the  l i n e  i n  the  form of sequent ia l  
The delay f a c t o r  o f  t h e  l i n e  used was about 500 I-lsec; t he re fo re ,  

delay l i n e  with quartz  c r y s t a l s  transducing e lec t r ica l  s i g n a l s  to acous t i c  waves 

binary codes. 
with a cycling frequency of s l i g h t l y  over 1 MHz, 32 words o f  16 b i t s  each 
(512 b i t s )  could be recorded i n  t h e  l ine .  

Figure 2. Schematic Cross Section o f  Transducer: 
1 ,  P l a s t i c  s c i n t i l l a t o r  container ;  2 ,  Rubber 
col l a r ;  3 ,  Permal loy screen; 4 ,  Photomul t i p l  i e r ;  
5 ,  Polyurethane foam; 6 ,  Panel; 7 ,  Cable; 
8 ,  Dynode power supply d iv ide r ;  9, Laminated phos- 
phor; 10, Glass container;  1 1 ,  Nal ( T l )  monocrystal 

S t a t i q n  Dower I 
h transducer 

I 

cycling pulses  
Figure 3 .  Simplified Functional Diagram o f  M u l t i -  
channel A m p l i t u d e  Analyzer: 1 ,  I n p u t  d e v i c e ;  
2 ,  H igh  voltage power s u p p l y ;  3 ,  Low voltage power 
s u p p l y ;  4 ,  Arithmetic d e v i c e ;  5 ,  Exciter;  
6 ,  Ultrasonic delay l i n e ;  7 ,  Amplifier; 8 ,  O u t p u t  

d e v  i ce 
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The beginning of an operating cycle of  t h e  memory device i s  determined by a 
s ta r t  pulse  which i s  automatically recorded a f t e r  a c e r t a i n  t ime i n t e r v a l  
following appl ica t ion  of power t o  t h e  instrument. 
at t h e  output of t h e  l i n e  by i t s  length.  
detected,  a new operat ing cycle  of t h e  cycling pulse  generator  begins,  assur ing 

The s ta r t  pulse  is  detected 
After  t h e  start  pulse  has been 

' s t robing  of  t h e  information recorded. 

Of t h e  16- pulses  i n  each word, only 1 2  a r e  used t o  record usefu l  informa- 
t i o n  (Figure 4 ) ,  so t h a t  t h e  capaci ty  of t h e  analyzer channel i s  212 = 4096 
events.  The o the r  four  pulses  a re  serv ice  pulses.  

If no pulses  are received from t h e  transducer during a memory device cycle  

When a pulse  a r r i v e s  from t h e  photomult ipl ier ,  t h e  input  device sends 
a t  t h e  input  of t h e  analyzer,  the  information is  wr i t t en  i n t o  t h e  l i n e  without 
changes. 
t o  t h e  a r i t hme t i c  device a pulse  ind ica t ing  "add 1" ("plus l'!) t o  t h e  channel 
whose number is  proport ional  t o  t h e  pulse amplitude. 
one t o  t h e  number of pulses  recorded i n  t h i s  memory channel. 
c e r t a i n  per iod of time is  passed, t h e  d i s t r ibu t ion  of pulses  by amplitude 
( i . e . ,  t h e  d i s t r i b u t i o n  of  7-quanta by energy) can be measured. 

The a r i thmet ic  device adds 
Thus, after a 

The input  device of t h e  analyzer includes an a t t enua to r  with an a t tenuat ion  
f a c t o r  of 2, cont ro l led  by a t r i g g e r .  If a spec ia l  command is t ransmit ted 
through t h e  r ad io  l i n e ,  t h e  t r i g g e r  f lops ,  switching the  a t tenuator .  
it poss ib l e  t o  change t h e  energy range of t h e  spectrometer by a f a c t o r  of 2 .  
The s e n s i t i v i t y  of t h e  analyzer  i n  these two ranges is  
coul/Mev. . 

This makes /269 - 
and 5*10-11 

A s  we can see  from Figure 4, there is no channel pulse  before  the  f i r s t  
channel of t h e  memory device.  Therefore, information from t h e  s c i n t i l l a t i o n  
t ransducer  is  not  recorded i n  the  first channel of t h e  memory device.  
allows the  f irst  channel of memory t o  be used as a timer channel: pulses  a re  
recorded i n  t h i s  channel with a separat ion i n t e r v a l  of 10 sec  from an on-board 
c r y s t a l  cont ro l led  o s c i l l a t o r .  The analyzer a l so  includes a device t o  h a l t  
s p e c t r a l  measurement i n  case any of  t h e  measurement channels i s  ove r f i l l ed .  
When t h i s  occurs,  the  t imer  channel records the  time required f o r  s p e c t r a l  
accumulation from t h e  moment recording i s  begun u n t i l  overflow occurs.  

This 

In s p i t e  of t h e  f a c t  t h a t  information i n  t h e  analyzer i s  represented i n  
d i g i t a l  form, f o r  a number of reasons it was found t o  be  convenient t o  t ransmit  
t h e  information through an analog telemetry commutator, f o r  which a group of 
neighboring channels was s e t  as ide  i n  the commutator. For each cycle  pulse ,  
which i s  the commutator wi th in  t h e  group, t h e  contents  of one-fourth of one 
analyzer channel (t-hree bits) are output t o  the  r e g i s t e r ,  then t o  t h e  d i g i t a l -  
analog converter  and f u r t h e r  t o  the  telemetry channel, and t h e  following quar te r  
channel pu lse  is erased. 
following t h r e e  b i t s  with t h e  following cycling pulse  from t h e  commutator, e t c .  
A t  t he  end of t h i s  group of neighboring channels, output is ha l ted  and resumed 
only during t h e  next commutator cycle. After a l l  qua r t e r  channel pulses  a r e  
erased,  they  are automatical ly  recorded once more, and the  output can be 
repeated. 

This makes i t  possible  t o  loca te  and t ransmi t  t h e  

5 



Figure 4. 
a ,  Cycl ing  
t h e  channe 

The e r r o r  i n  t h e  an 

T i m e  Diagram of P u l s e s  i n  Analyzer: 
p u l s e s ;  b ,  Struc ture  o f  word, using f i r s t  

as an example. T h e  code recorded i s  
001110101100 = 860 

log te lemetry channel is r a t h e r  low, and allows t r a n s -  
mission o f  a considerably g rea t e r  number of  l eve l s  than e igh t .  Therefore,  t h e  
p r o b a b i l i t y  of e r r o r  i n  transmission of the  o c t a l  codes is low, and t h e  
necess i ty  o f  repeated output usua l ly  does not  arise. 

In  add i t ion  t o  t h e  u n i t s  which w e  have descr ibed,  the  analyzer contains  a 
s t a b i l i z e d  power supply,  a high vol tage  s t a b i l i z e d  converter  for t h e  photo- 
m u l t i p l i e r ,  a logari thmic input pu lse  counting r a t e  meter, and a temperature 
t ransducer .  

/271 Methods of Cal ib ra t ion  and Standardization - 
In  order  t o  determine t h e  content  of  n a t u r a l  r ad ioac t ive  elements i n  lunar  

rock, it was necessary t o  perform s tandard iza t ion  of  t h e  7-spectrometer.  

F i r s t  of a l l ,  t h e  spectrometer s ca l e  w a s  ad jus ted  i n  t h e  range of i n t e r e s t ,  
up t o  3 Mev (or  up t o  1 .5  MeV) . 
was c a l i b r a t e d  on t h e  energy ax i s  with photopeaks of t h e  l i n e s  of  known 
7 - r a d i a t o r s .  

Then, using t h e  usua l  method, t h e  spectrometer 

Figure 5 shows an example o f  one c a l i b r a t i o n  graph. 

The measurement of  s tandard 7 -spectra  was performed i n  4~-geometry using 
s p e c i a l l y  prepared s tandards of quar tz  sand i n  which a c e r t a i n  quant i ty  o f  t h e  
corresponding na tu ra l  rad ioac t ive  element (K,  Th and U) was included. 
uranium and thorium standards contained equi l ibr ium q u a n t i t i e s  of  t h e  daughter 
products o f  r ad ioac t ive  decay. 

The 
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Figure 5. Spectrometer Cal ib ra t ion  Graph 

2 .2  MeV, belonging t o  U238 and i ts  decay products.  

Also, s tandard iza t ion  
of t h e  spectrometer was 
performed i n  2n-geometry on 
na tu ra l  mountain massifs i n  
Karelia and Armenia. Deter- 
mination o f  t h e  content of  
K ,  Th and U i n  t h e  rocks 
used f o r  s tandard iza t ion  of  
t h e  instrument was performed 
by a radiochemical method, 
a f t e r  mean samples were 
taken i n  the  measurement 
regions.  

Figure 6 shows the  
7 - spec t r a  of t he  s tandard 
samples measured using t h e  
spectrometer which we have 
descr ibed.  The s p e c t r a  show 
t h e  following peaks r a the r  
c l e a r l y :  1.45 MeV, belonging 
t o  K40; 0.9, 1.6, 2 . 2  and 
2.62 M e V ,  belonging t o  
Th232 and i t s  decay 
products;  1.12, 1.76 and 

Figure 7 shows one spectrum measured by "Luna-10" i n  o r b i t  around t h e  moon, 
from which t h e  background noise  from the i n t e r a c t i o n  of cosmic p a r t i c l e s  with 
t h e  cons t ruc t ion  mater ia l s  of t h e  s t a t i o n  has  been subt rac ted .  

This spectrum shows peaks with energies of  0.84, 1.01, 1.38, 1.78 and 
2.62 MeV,  r e s u l t i n g  from i n t e r a c t i o n  of cosmic p a r t i c l e s  with t h e  lunar  rock. 

Using t h e  s tandard spec t r a ,  as well as da ta  [6] on t h e  content o f  K ,  Th and 
U i n  t e r r e s t r i a l  rock, t h e  ? - r ad ia t ion  spectra  t o  be  expected on t h e  moon, 
recorded by t h i s  device from the  o r b i t  of t h e  s a t e l l i t e  (H = 600 km) i f  the  
luna r  rocks correspond t o  t e r r e s t r i a l  rock and rocky meteori tes  i n  t h e i r  
content  o f  na tu ra l  r ad ioac t ive  elements were ca lcu la ted .  These s p e c t r a  a r e  
shown on Figure 8 .  
spond t o  t h e  maximum and minimum content of na tu ra l  r ad ioac t ive  elements i n  t h e  
given types  of rock. 

The upper and lower boundaries o f  t h e  shaded areas corre-  

A s  fol lows from t h e  r e s u l t s  of measurements of 7 - r ad ia t ion  of lunar  rock 
performed by the  "Luna-10" [4],  t h e  ac tua l ly  measured 7 - rad ia t ion  i n t e n s i t y  i s  
h igher  than  t h e  r ad ia t ion  l e v e l  measured even over a c i d i c  t e r r e s t r i a l  rocks 
( g r a n i t e s ) .  However, no l e s s  than 90% of t h i s  r ad ia t ion  r e s u l t s  from cosmic 
rays ,  only 10% belonging t o  na tu ra l  rad ioac t ive  elements contained i n  t h e  lunar  
rocks.  A comparison of t h e  i n t e n s i t i e s  o f  7 - r ad ia t ion  measured over var ious 
regions o f  t h e  lunar  su r face  with t h a t  measured over t e r r e s t r i a l  rock gives us 
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some reason to assume the existence of basic and ultrabasic rock on the moon, 
l and to exclude' the existence of acidic rock. 

'ot 

\ 

ssium 

Energy, MeV 

Figure 6. 7-rad iat ion 
Spectra of K4O, Th232 and 
U238 in Equilibrium with 
Daughter Products. Sca 1 e 
to right of vertical axis 
increased by factor of 5 

Channel number 

Figure 7. 7-radiation 
Spectrum Measured by 
"Luna- 10" After Subt rac- 
tion of Background, 
Resulting from Inter- 
act ion of Cosmic Radi- 
ation with Material of 
Station. Spectrum 
accumulation time 600 sec 
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In conclusion, t h e  authors wish t o  

express t h e i r  g ra t i t ude  t o  V. K .  Andreyev, 
M. Ye. Glushkovskiy, 0. A. Karpukhin, 
L. N. Myasnikova, V. P .  Rakcheyev, who took 
pa r t  i n  t h e  development and ca l ib ra t ion  of t h e  
instruments, as well a s  t o  G .  M. Chernov, 
F. F. Kirnozov and B. M. Andreychikov, who 
pa r t i c ipa t ed  i n  t h e  c a l i b r a t i o n  of t he  in s t ru -  
ments. 

Energy o f  7 - rays ,  Mev 

F igure  8. Spectra o f  
7- rad i a t i on Wh i ch Woul d 
Be Produced by Sate l -  
1 i t e  O r b i t i n g  the Moon 
(H = 600 km) from 

7 -  rad i a t  i on of Lunar 
Rocks w i t h  R e l a t i v e  
Contents o f  K, Th and U 
Corresponding t o  Con- 
ten ts  i n  Primary Types 

o f  T e r r e s t r i a l  Rock 
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